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Description 

I Introduction 

Many techniques in Molecular Biology, Bio- 
chemistry and Chemistry rely upon the process of 
precipitation. There are two types of precipitation. 

In the first type of precipitation, the compo- 
nents from a complex solution that are not of 
interest are selectively precipitated. The precipitate 
and supernatant are then separated (usually by 
centrifugation or filtration) and the supernatant is 
kept for further use. 

In the second type of precipitation, the compo- 
nents of interest from a complex solution are selec- 
tively precipitated. The precipitate and supernatant 
are separated (again by centrifugation or filtration) 
and the precipitate is kept for further use. This 
precipitate may well be redissolved for further use. 

Examples of precipitation that are of particular 
relevance to this invention will now be discussed. 

a. Alcohol Precipitation of Nucleic Acid Molecules 
from Solution : 

Alcohol precipitation of nucleic acid molecules 
from solution is a standard procedure for the con- 
centration and/or purification of these species from 
complex solutions. Typical methods involve the ad- 
dition of salt (e.g. 0.1 volumes of 2.5 M sodium 
acetate (pH 5.2)) to a solution containing nucleic 
acids followed by addition of an alcohol (e.g. 2.5 
volumes of ethanol). The nucleic acids then 
precipitate. The precipitated nucleic acid molecules 
aggregate (usually with the aid of reduced tem- 
peratures; e.g. 5 minutes on dry ice) and are recov- 
ered by centrifugation. After removal of the super- 
natant, the pelleted precipitate is normally redissol- 
ved in the required volume of an appropriate buffer. 
The nucleic acid may be DNA (partially or wholly 
single or double stranded), RNA (partially or wholly 
single or double stranded), mixtures of any of the 
above or a hybrid RNA/DNA species. The salt used 
may be sodium acetate, sodium chloride, potas- 
sium acetate, potassium chloride, ammonium ace- 
tate, ammonium chloride, guanidinium thiocyanate, 
guanidinium isothiocyanate. guanidinium chloride 
or mixtures of the above. The alcohol used is 
normally ethanol or isopropanol, 

b. Precipitation of Bacteriophage and Other Viruses 
from Solution : 

Precipitation of bacteriophage and other 
viruses from solution by the addition of solutions 
containing high concentrations of highly hydratable 
polymers, such as polyethylene glycol (PEG), and 
salts, such as sodium chloride, is a standard proce- 



dure for the concentration and/or purification of 
these species from complex solutions. The bac- 
teriophage or other viruses precipitated in this way 
may be used for nucleic acid extraction, protein 

5 extraction, infection of host cells, structural studies 
or immunological studies. A typical procedure in- 
volves the addition of 0.2 volumes of 20% (w/v) 
PEG in 2.5 M sodium chloride to the complex 
solution known to contain the bacteriophage or 

70 other viruses. The bacteriophage or other viruses 
precipitate. The precipitated particles then aggre- 
gate (normally with the aid of incubation at reduced 
temperatures; e.g. 60 minutes at 4'C) and are 
recovered by centrifugation. After removal of the 

75 supernatant, the pellet (comprising precipitated par- 
ticles of bacteriophage or other viruses) is normally 
redissolved in the required volume of an appro- 
priate buffer. The bacteriophage may be filamen- 
tous (e.g. Ml 3) or complex (e.g. lambda). They 

20 may infect bacteria, animal or plant cells and they 
may be DNA-containing or RNA-containing. 

c. Removal of Bacterial DNA. Proteins and Mem- 
branes from Bacterial Lysates : 

25 

Another type of precipitation of interest to Mo- 
lecular Biologists is used for the removal of bac- 
terial DNA, proteins and membranes from bacterial 
lysates containing, in addition to the above, RNA 

30 and piasmid DNA and/or cosmid DNA and/or bac- 
teriophage DNA. This forms the basis of the al- 
kaline lysis procedure for preparations of low mo- 
lecular weight DNA. In this procedure, the bacterial 
cells (e.g. E.coli) are lysed by treatment with so- 

35 dtum hydroxide (e.g. 200 mM) and the detergent 
sodium dodecyl sulphate (SDS) (e.g. 0.3-1.0% 
(w/v)). Addition of a mixture of either sodium or 
potassium acetate at low pH (e.g. 0.5 times the 
volume of lysis buffer of 3 M sodium or potassium 

40 acetate adjusted to pH 4.8 with acetic acid) leads 
to the formation of a precipitate containing protein, 
membrane fragments and the entrapped bacterial 
DNA. The RNA and low molecular weight DNA 
species are not entrapped in this precipitate and 

45 can be recovered from the supernatant after cen- 
trifugation or filtration of the precipitate. The low 
molecular weight DNA species can be purified 
and/or concentrated, along with cellular RNA, by 
subsequent alcohol precipitation from this super- 

50 natant as described above. The DNA species ex- 
tracted by this procedure may be piasmid, cosmid 
or bacteriophage-derived. The volume of cells lys- 
ed can be as little as a few microlitres or as large 
as many litres of bacterial culture. 

55 
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Prior Aft 

EP-A-0162819 describes magnetic spheres 
comprising magnetic particles enclosed in a poly- 
mer matrix, and the use of such spheres in a 
diagnostic assay in which the spheres are ad- 
sorbed on cell walls or incorporated in cells. 

US-A-4,001.197 describes a magnetic separa- 
tion method for recovering single cell protein from 
single cell organisms, by dispersing magnetic seed 
in a fluid medium for attachment to the single cell 
organisms. 

US-A-3,470,067 describes the use of par- 
ticulate magnetic iron oxide to prepare iron oxide- 
virus vaccine complexes. 

EP-A-0281390 describes the use of a poly- 
cationic solid support to selectively adsorb 
nucleotide multimers. 

Biotechnology Letters, Vol. 3, No. 6, pages 
297-302. 1981, teaches that use of magnetic par- 
ticles to seed a biological precipitate makes the 
precipitate amenable to magnetic separation tech- 
nology. Separation of nucleic acid or protein 
precipitates during an enzyme isolation process are 
mentioned as suitable steps for application of the 
seeding technique. 

II Description of the Invention 

In one aspect this invention provides a method 
of making a nucleic-acid-containing liquid by treat- 
ing a solution by the use of magnetically attractable 
beads which do not specifically bind the nucleic 
acid, comprising the steps of: 

- precipitating the nucleic acid out of solution 
in the presence of the suspended magnetical- 
ly attractable beads whereby the nucleic acid 
precipitate becomes non-specifically associ- 
ated with the beads, 

- applying a magnetic field to draw down a 
precipitate of the nucleic acid and associated 
beads, 

- separating the precipitate from the supernat- 
ant liquid, 

- adding liquid to the precipitate to re-dlssolve 
the nucleic acid and re-suspend the beads, 

- applying a magnetic field to draw down the 
beads, and 

- separating a supernatant liquid containing the 
nucleic acid from the beads. 

The key to the invention is the use of mag- 
netically attractable beads (hereinafter magnetic 
beads). The nature of the magnetic beads is not 
critical, and commercially available beads may be 
used. The beads typically have an average diam- 
eter in the range 1 to 100 um, and comprise finely 
divided magnetizable material encapsulated in or- 
ganic polymer. 



Or the organic polymer may be omitted. Beads 
of magnetic iron oxide are commercially available. 
Such beads have been successfully used in this 
invention in sizes ranging from below 1 um up to 
5 40 um. Even the larger beads remain in suspen- 
sion at least for the duration of the precipitation 
step; their subsequent tendency to settle out as- 
sists the magnetic field in drawing down the 
precipitate. 

JO To improve recovery of precipitated 

biopolymers, the beads may be pretreated to re- 
duce any unwanted tendency to bind the polymers 
permanently. For example, when the polymers are 
nucleic acids, the beads may be pre-treated with a 

75 phosphate solution. This treatment is believed to 
phosphatize any exposed magnetisable material, 
and may not be necessary if the magnetisable 
material is completely encapsulated in inert poly- 
mer. 

20 The beads are preferably added to the solution 
either before, or together with, a reagent used to 
effect precipitation. Alternatively, the beads may be 
added after the precipitation step, under conditions 
to cause the pre-existing precipitate to become 

25 associated with them. 

The starting solution is preferably aqueous. 
However starting solutions in polar or non-polar 
organic solvents are envisaged. 

Biopolymers are polymers found in biological 

30 systems. The nature of the biopolymer is not criti- 
cal to the invention. Biopolymers Include nucleic 
acids (DNA and RNA). proteins, polypeptides, poly- 
saccharides, cell membrane material, bac- 
teriophages, virus, and procaryotic and eucaryotic 

35 cells. 

At the outset, a biopolymer is present in solu- 
tion, the term solution being used broadly to cover 
permanently stable suspensions in which the 
biopolymer molecules are not aggregated. 

40 It is a feature of the invention that the magnetic 
beads do not specifically bind the biopolymer. By 
this feature, the present invention is distinguished 
from many prior techniques which involve providing 
a coating on the surface of magnetic beads de- 

45 signed to specifically bind the substance to be 
drawn down out of solution. When a biopolymer Is 
precipitated out of solution In the presence of the 
suspended magnetic beads, it becomes non-spe- 
cificaily associated with the t>eads. When the 

50 beads are drawn down by an applied magnetic 
field, the associated precipitated biopolymer is 
drawn down with them. But when in solution, the 
biopolymer does not become associated with the 
beads. 

55 When the solute is of more Interest than the 
solvent, the method may be used either to con- 
centrate an initially dilute solution, or to recover 
one or more biopolymers from a mixture of 
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biopolymers, or for both these purposes in se- 
quence. For a sequence of manipulations, the 
same beads can conveniently be used. The nature 
of the liquids used to dissolve or re-dissolve the 
biopolymer, and of reagents used to precipitate 5 
biopolymer. are not material to this Invention. A 
skilled reader will have no difficulty in choosing 
liquids and reagents appropriate to his needs. 

In another aspect, the invention provides mag- 
netically attractable beads capable of non-specific to 
association with a nucleic acid, wherein the beads 
have a coating of phosphate which reduces the 
tendency of the beads to bind a nucleic acid. 

The invention will now be discussed with refer- 
ence to the three types of precipitation given in the 75 
introduction. 

a. Alcohol Precipitation of Nucleic Acid f^olecules 
from Solution : 

20 

Magnetic bead induced precipitate separation 
can be used to greatly improve the process of 
alcohol precipitation of nucleic acids. The alcohol 
precipitation procedure as modified by this inven- 
tion is shown in Figure la. Magnetic beads are 25 
added to the nucleic acid in solution. Salt is then 
added (the magnetic beads can also be added at 
the same time as the salt). The nucleic acid is still 
soluble at this stage. Alcohol is then added. This 
causes the nucleic acid to come out of solution. 30 
The precipitated nucleic acid aggregates around 
the suspended magnetic beads (which may well 
act as nucleation sites for this aggregation pro- 
cess). The aggregation stage may be assisted for 
some types of precipitations by chilling (though 35 
chilling does not appear to be necessary for simple 
precautions of plasmid. phage DNA, RNA and 
genomic DNA by this method). A magnetic field is 
then applied to the precipitation. This magnetic 
field is used to draw the complex of magnetic 40 
beads and precipitated nucleic acid to the bottom 
(or side) of the tube. The supematant is then re- 
moved from the tube. At this point, the precipitate 
can be washed with ethanol. and/or isopropanol 
and/or 70% (v/v) ethanol to remove any residual 45 
salt, nucleotides, chemicals or organic solvents re- 
maining from treatments of the nucleic acid prior to 
the precipitation step. The nucleic acid is insoluble 
in isopropanol ethanol and 70% (v/v) ethanol. The 
nucleic acid therefore remains aggregated around so 
the magnetic beads during washing. The washing 
step can thus be performed vigorously (e.g. by 
vortex mixing) without risk of losing the precipitate. 
After the washing step, if performed, the precipitate 
is redtssolved in the required volume of an appro- 55 
priate buffer in the absence of the magnetic field. 
Reapplication of the magnetic field to the tube 
results in just the magnetic beads being drawn to 



the bottom (or side) of the tube (as the nucleic acid 
is now dissolved rather than a precipitate as be- 
fore). The redissolved nucleic acid can now be 
separated from the magnetic beads by collecting 
the supernatant containing the dissolved nucleic 
acid with a pipette whilst the beads are held 
against the bottom (or side) of the tube by the 
magnetic field. 

The modification of alcohol precipitation by this 
invention has several clear advantages over the 
conventional method of precipitation using centrifu- 
gation. The procedure, as modified by this inven- 
tion, is: 

1. Faster (the modified procedure takes only 1-2 
minutes, as opposed to 10-30 minutes for the 
conventional procedure using centrifugation). 

2. Not reliant upon centrifugation equipment. 

3. Readily suited to automation (a great many 
tubes could be placed over a large electromag- 
net and these could all be alcohol precipitated 
simultaneously using a multi channel pipetting 
device). 

4. Especially effective if the precipitate of nu- 
cleic acid is to be washed with isopropanol, 
ethanol or 70% ethanol (e.g. to remove any 
residual salt, nucleotides or organic solvents 
such as phenol). Washing can be performed 
rapidly with no risk of loss of material as can 
occur with the conventional method based upon 
centrifugation (where the pellet often detaches 
from the bottom of the tube during such wash- 
ing). 

Magnetic bead induced precipitate separation 
can also be used to greatly improve the process of 
deproteinization and alcohol precipitation of nucleic 
acids. The deproteinization and alcohol precipita- 
tion procedure as modified by this invention is 
shown in Figure lb. DNA is given as the example 
in Figure 4b, though the process is equally ap- 
plicable to any type of nucleic acid. Magnetic 
beads are added to the protein and nucleic acid in 
solution. Salt is then added (the magnetic beads 
can also be added at the same time as the salt). 
The protein and nucleic acid are still soluble at this 
stage. Alcohol is then added. This causes the pro- 
tein and nucleic acid to come out of solution. The 
precipitated protein and nucleic acid aggregate ar- 
ound the suspended magnetic beads (which may 
well act as nucleation sites for this aggregation 
process). The aggregation stage may be assisted 
for some types of precipitations by chilling (though 
chilling does not appear to be necessary for simple 
precipitations of plasmid, phage DNA, RNA and 
genomic DNA with protein extraction by this meth- 
od). A magnetic field is then applied to the precipi- 
tation. This magnetic field is used to draw the 
complex of magnetic beads and precipitated pro- 
tein and nucleic acid to the bottom (or side) of the 
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tube. The supernatant is then removed from the 
tube. The protein and nucleic acid remain ag- 
gregated around the magnetic beads. Phenol 
and/or phenot/chioroform and/or phenol/ethanol is 
then added and the magnetic beads resuspended 
in the absence of the magnetic field. This re- 
suspension extracts the precipitated protein from 
the magnetic beads whilst the nucleic acid remains 
still attached. A magnetic field is again applied to 
the tube. This magnetic field is used to draw the 
complex of precipitated nucleic acid and magnetic 
beads to the bottom (or side) of the tube. The 
phenolic supernatant (containing the extracted pro- 
tein) is then removed from the tube. At this point, 
the precipitate can be washed with ethanol, and/or 
isopropanol and/or 70% (v/v) ethanol to remove 
any residual salt, nucleotides, chemicals or organic 
solvents remaining. The nucleic acid is insoluble in 
isopropanol, ethanol and 70% (v/v) ethanol. The 
nucleic acid therefore remains aggregated around 
the magnetic beads during washing. The washing 
step can thus be performed vigorously (e.g. by 
vortex mixing) without risk of losing the precipitate. 
After the washing step, if performed, the precipitate 
is redissolved in the required volume of an appro- 
priate buffer in the absence of the magnetic field. 
Reappllcation of the magnetic field to the tube 
results in just the magnetic beads being drawn to 
the bottom (or side) of the tube (as the nucleic acid 
is now dissolved rather than a precipitate as be- 
fore). The redissolved nucleic acid can now be 
separated from the magnetic beads by collecting 
the supernatant containing the dissolved nucleic 
acid with a pipette whilst the beads are held 
against the bottom (or side) of the tube by the 
magnetic field. 

The modification of deproteinization and alco- 
hol precipitation by this invention has several clear 
advantages over the conventional method of using 
centrifugation. The procedure, as modified by this 
invention, is: 

1. Faster (the modified procedure takes only 5- 
10 minutes, as opposed to 20-40 minutes for the 
conventional procedure using centrifugation). 

2. Not reliant upon centrifugation equipment. 

3. Readily suited to automation (a great many 
tubes could be placed over a large electromag- 
net and these could all be deproteinized and 
alcohol precipitated simultaneously using a multi 
channel pipetting device). 

4. Especially effective if the precipitate of nu- 
cleic acid is to be washed with isopropanol, 
ethanol or 70% ethanol (e.g. to remove any 
residual salt, nucleotides or organic solvents 
such as phenol). Washing can be performed 
rapidly with no risk of loss of material as can 
occur with the conventional method based upon 
centrifugation (where the pellet often detaches 



from the bottom of the tube during such wash- 
ing). 

b. Precipitation of Bacteriophage and Other Viruses 
5 from Solution : 

Magnetic bead induced precipitate separation 
can be used to greatly improve the process of 
hydrateable polymer/salt precipitation of bac- 

70 teriophage and other viruses. The hydrateable 
polymer/salt precipitation procedure as modified by 
this invention is shown in Figure 2. Magnetic 
beads, hydrateable polymer (e.g. PEG) and salt 
(e.g. sodium chloride) are added to the bac- 

75 teriophage or other viral particles in solution. This 
causes the particles of bacteriophage or other 
viruses to come out of solution. The precipitated 
particles aggregate round the suspended magnetic 
beads (which may well act as nucleation sites for 

20 this aggregation process). The aggregation stage 
may be assisted for some types of precipitations 
by chilling (though chilling does not appear to be 
necessary for simple precipitations of bac- 
teriophage). A magnetic field is then applied to the 

25 precipitation. This magnetic field is used to draw 
the complex of magnetic beads and precipitated 
particles to the bottom (or side) of the tube. The 
supernatant is then removed from the tube. The 
precipitate is redissolved in the required volume of 

30 an appropriate buffer in the absence of the mag- 
netic field. Reappllcation of the magnetic field to 
the tube results in just the magnetic beads being 
drawn to the bottom (or side) of the tube (as the 
particles of bacteriophage or other viruses are now 

35 dissolved rather than a precipitate is before). The 
redissolved particles of bacteriophage or other 
viruses can now be separated from the magnetic 
beads by collecting the supernatant containing the 
dissolved particles with a pipette whilst the beads 

40 are held against the bottom (or side) of the tube by 
the magnetic field. 

The modification of hydrateable polymer/salt 
precipitation by this invention has several clear 
advantages over the conventional method of pre- 

45 cipitation using centrifugation. The procedure, as 
modified by this invention, is: 

1. Faster (the modified procedure takes only 1-2 
minutes, as opposed to 65-75 minutes for the 
conventional procedure using centrifugation). 

50 2. Not reliant upon centrifugation equipment. 

3. Readily suited to automation (a great many 
tubes could be placed over a large electromag- 
net and these could all be hydrateable poly- 
mer/salt precipitated simultaneously using a 

55 multi channel pipetting device). 

4. Less likely to produce aerosols of bac- 
teriophage and other viruses than the conven- 
tional procedure based upon centrifugation. This 
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is safer if the bacteriophage or other viruses are 
harmful and wilt result in less airborne microbial 
contamination in the laboratory. 

c. Removal of Bacterial DNA. Proteins and Mem- 
branes from Bacterial Lysates : 

Magnetic bead induced precipitate separation 
can also be used to greatly improve the precipita- 
tion of bacterial DNA, membranes and proteins 
from bacterial lysates containing RNA and low mo- 
lecular weight DNA species. The preparation of 
RNA and low molecular weight DNA species as 
modified by this invention is shown In Figure 3. 
Bacteria (containing the low molecular weight DNA 
species of interest) are lysed with a mixture of 
sodium hydroxide and SDS. This releases bacterial 
DNA, proteins, membranes, RNA and low molecu- 
lar weight DNA into solution. Magnetic beads and 
either sodium or potassium acetate are then added 
at low pH. This causes the SDS. proteins and 
membranes to precipitate. The precipitate also en- 
traps the bacterial DNA and the magnetic beads. A 
magnetic field is then applied to the precipitation. 
This magnetic field is used to draw the complex of 
magnetic beads and precipitated material to the 
bottom (or side) of the tube. The supernatant is 
then removed from the tube with a pipette whilst 
the complex of beads and precipitated material is 
held against the bottom (or side) of the tube by the 
magnetic field. The low molecular weight DNA can 
be purified and/or concentrated from this super- 
natant (along with any remaining cellular RNA that 
will also be purified) by alcohol precipitation as 
described above. 

The modification of low molecular weight DNA 
preparation by this invention has several clear ad- 
vantages over the conventional method of precipi- 
tation using centrifugation. The procedure, as modi- 
fied by this invention, is: 

1 . Faster (the modified procedure takes only 5- 
10 minutes, as opposed to 30-60 minutes for the 
conventional procedure using centrifugation). 

2. Not reliant upon centrifugation equipment. 

3. Readily suited to automation (a great many 
tubes could be placed over a large electromag- 
net and these could ail be precipitated simulta- 
neously using a multi channel pipetting device). 

d. DNA Preparation from Bacteriophage or Other 
Viruses : 

Magnetic bead induced precipitate separation 
has been shown to greatly improve the process of 
hydrateable polymer/salt precipitation of bac- 
teriophage and other viruses. The hydrateable 
polymer/salt precipitation has been shown in Rgure 
2. Magnetic bead induced precipitate separation 



has also been shown to greatly improve the pre- 
cipitation of bacterial DNA, membranes and pro- 
teins from bacterial lysates containing RNA and low 
molecular weight DNA species. The preparation of 

5 RNA and low molecular weight DNA species as 
modified by this invention has been shown in Rg- 
ure 3. The combination of these two procedures 
can be used to derive a novel procedure for the 
purification of low molecular weight DNA from bac- 

70 teriophage or other viral particles. In this novel 
procedure, particles of bacteriophage or other 
viruses are precipitated using the magnetic bead 
method given in Rgure 3. The purified particles are 
then subjected to lysis by sodium hydroxide and 

75 SDS. This step separates the coat proteins from 
the DNA, with both being released into solution. 
Magnetic beads and either sodium or potassium 
acetate are then added at low pH. This causes the 
SDS and coat proteins to precipitate. The 

20 precipitate also entraps the magnetic beads. A 
magnetic field is then applied to the precipitation. 
This magnetic field is used to draw the complex of 
magnetic beads and precipitated material to the 
bottom (or side) of the tube. The supernatant is 

25 then removed from the tube with a pipette whilst 
the complex of beads and precipitated material is 
held against the bottom (or side) of the tube by the 
magnetic field. The low molecular weight DNA can 
be purified and/or concentrated from this super- 

30 natant by alcohol precipitation as described above. 
The modification of low molecular weight DNA 
preparation from bacteriophage or other viruses by 
this invention has several clear advantages over the 
conventional method of precipitation using centrifu- 

35 gation and other methods. The procedure, as modi- 
fied by this invention, is: 

1. Faster (the modified procedure takes only 5- 
10 minutes, as opposed to 2-3 hours for the 
conventional procedure using centrifugation). 

40 2. Not reliant upon centrifugation equipment. 

3. Readily suited to automation (a great many 
tubes could be placed over a large electromag- 
net and these could all be precipitated simulta- 
neously using a multi channel pipetting device). 

45 4. Not reliant upon organic solvent extraction 
(e.g. by phenol). 

5. Less likely to produce aerosols of bac- 
teriophage and other viruses than the conven- 
tional procedure based upon centrifugation. This 

50 is safer if the bacteriophage or other viruses are 
harmful and will result in less airborne microbial 
contamination in the laboratory. 

6. Especially effective if the precipitate of nu- 
cleic acid is to be washed with isopropanol. 

55 ethanol or 70% ethanol. Washing can be per- 
formed rapidly with no risk of loss of material as 
can occur with the conventional method based 
upon centrifugation (where the pellet often de- 
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taches from th9 bottom of the tube during such 
washing). 

e. Precipitation of Bacteria from Solution 

Magnetic bead induced precipitate separation 
can also be used to effect a novel process of 
alcohol precipitation of cells e.g. bacterial cells. 
Magnetic beads are added to the bacteria in solu- 
tion. Salt is then added (the magnetic beads can 
also be added at the same time as the salt). The 
bacteria are still soluble at this stage. Alcohol is 
then added. This causes the bacteria to come out 
of solution. The precipitated bacteria aggregate ar- 
ound the suspended magnetic beads (which may 
well act as nucleation sites for this aggregation 
process). A magnetic field is then applied to the 
precipitation. This magnetic field is used to draw 
the complex of magnetic beads and precipitated 
bacteria to the bottom (or side) of the tube. The 
supernatant is then removed from the tube. The 
precipitate is dissolved in the required volume of 
an appropriate buffer in the absence of the mag- 
netic field. Reapplication of the magnetic field to 
the tube results in just the magnetic beads being 
drawn to the bottom (or side) of the tube (as the 
bacteria are now dissolved rather than a precipitate 
as before). The redissolved bacteria can now be 
separated from the magnetic beads by collecting 
the supernatant containing the dissolved bacteria 
with a pipette whilst the beads are held against the 
bottom (or side) of the tube by the magnetic field. 

Alternatively the bacteria can be lysed directly 
on the beads as described in lllc for DNA prepara- 
tion. The procedure as effected by this invention is: 

1. Faster (the modified procedure takes only 1-2 
minutes, as opposed to 5-15 minutes for the 
conventional procedure using centrifugation). 

2. Not reliant upon centrifugation equipment. 

3. Readily suited for automation (a great many 
culture tubes could be placed over a large elec- 
tromagnet and these could all be alcohol 
precipitated simultaneously using a multi chan- 
nel pipetting device). 

Ill Reduction of the Invention to Practice : 

The magnetic beads used were cellulose/ferric 
oxide (50/50), with a particle size of 1-10 microns 
diameter. Beads were pretreated by soaking in 100 
mM tetrasodium pyrophosphate solution, and 
stored at 4 degrees in 0.1% (w/v) sodium aside at 
a concentration of 50 mg/ml. 



a. An Example of Alcohol Precipitation of Nucleic 
Acid Using Magnetic Bead Induced Precipitate 
Separation : 

5 

Example 1 

Precipitations of plasmid (e.g. pBR322) can be 
performed according to the following protocol: Take 

TO pBR322 DNA in, for example, 100 ul of TE buffer 
(10 mM Tris-HCI (pH 8.0). 1 mM EDTA (pH 8.0)): 
add 1/1 0th volume (i.e. 10 u\) of a solution contain- 
ing magnetic beads at 50 mg/ml and tRNA at 1 
mg/ml (as carrier, this may be omitted if the con- 

75 centration of nucleic acid is greater than about 10- 
25 ug/ml) in 2.5 M sodium acetate adjusted to pH 
5.2 with acetic acid; mix; add 2.5 volumes (i.e. 250 
ul) of ethanol; mix; place over a permanent magnet 
to bring down the precipitate; remove the super- 

20 natant; wash the pellet in. for example, 100 ul of 
70% (v/v) ethanol by resuspending with a pipette in 
the absence of the magnetic field, finally removing 
the supernatant (wash solution) with a pipette in the 
presence of the magnetic field; redissolve the pel- 

25 let in the required volume of TE buffer. 

No loss occurs on omission of the chilling step 
for pBR322 DNA. Also, no loss occurs from wash- 
ing the precipitate with 70% (v/v) ethanol for 
pBR322 DNA. The above procedure works equally 

30 well for human genomic DNA and for RNA. 

Example 2 

Precipitation of pBR322 plasmid DNA with de- 

35 proteinization can be performed according to the 
following protocol: Take, for example, pBR322 DNA 
in 20 ul of TE buffer (10 mM Tris-HCI (pH 8.0), 1 
mM EDTA (pH 8.0)) containing protein (e.g. a 1/4 
dilution of Rainbow Markers™ (Amersham Interna- 

40 tional)); add 1/1 0th volume (i.e. 2 ul) of a solution 
containing magnetic beads at 50 mg/ml and tRNA 
at 1 mg/ml (as carrier, this may be omitted if the 
concentration of nucleic acid is greater than about 
10-25 ug/ml) in 2.5 M sodium acetate adjusted to 

45 pH 5.2 with acetic acid; mix; add 2.5 volumes (i.e. 
50 ul) of ethanol; mix; place over a permanent 
magnet to bring down the precipitate; remove the 
supernatant; wash the pellet in, for example, 50 ul 
of phenol (or greater than 60% (v/v) phenol in 

50 ethanol) by resuspending with a pipette in the 
absence of the magnetic field, finally removing the 
supernatant (wash solution) with a pipette in the 
presence of the magnetic field; redissolve the pel- 
let in the required volume of TE buffer. The yield of 

55 DNA falls off with less than 40% (v/v) phenol in 
ethanol used for protein extraction. No losses are 
incurred with this additional step of protein extrac- 
tion compared to a protein-free ethanol precipita- 
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tion. Ethanol precipitation from a solution heavily 
contaminated with protein is also seen to be de- 
pendent upon the extraction of the contaminating 
protein by a phenol containing solution (i.e. the 
DNA cannot be redissolved from the beads if pro- 
tein extraction has not been performed). The suc- 
cessful extraction of the protein into the phenolic 
layer by this procedure can clearly be seen when 
using coloured proteins. The above procedure 
works equally well for human genomic DNA and for 
RNA. 

b. An Example of Hydrateable Polymer/Salt Pre- 
cipitation of Bacteriophage Using Magnetic Bead 
Induced Precipitate Separation : 

Example 3 

Precipitations can be performed on, for exam- 
ple. 1 ml samples of M13mp8 bacteriophage in 
2xTY broth (precleared of bacteria by centrifuga- 
tion) according to the following protocol: Add 0.4 
volumes (i.e. 400 u\) of 2 mg/ml magnetic beads in 
20% (w/v) PEG. 2.5 M NaCI; mix; bring down 
magnetic beads and precipitate using a permanent 
magnet; redissolve magnetic bead pellet in the 
required volume of TE buffer. 

At 0.4 volumes, the amount of bacteriophage 
not brought down by the beads is negligible. 

Example 4 

DNA preparations can be performed on, for 
example, 1 ml samples of MISmpB bacteriophage 
in 2xTY broth (precleared of bacteria by centrifuga- 
tlon) according to the following protocol: Add 0.4 
volumes (i.e. 400 ul) of 2 mg/ml magnetic beads in 
20% (w/v) PEG, 2.5 M NaCI; mix; bring down 
magnetic beads and precipitate using a permanent 
magnet; redissolve magnetic bead pellet in 1/5th 
volume (i.e. 200 ul) of TE buffer; extract with an 
equal volume (i.e. 200 of phenol; remove aque- 
ous (top) layer; add 1/1 0th volume (i.e. 20 ul) of a 
solution containing magnetic beads at 50 mg/ml 
and tRNA at 1 mg/ml (as carrier, this may be 
omitted if the concentration of nucleic acid is great- 
er than about 10-25 ug/ml) in 2.5 M sodium ace- 
tate adjusted to pH 5.2 with acetic acid; mix; add 
2.5 volumes (i.e. 500 ul) of ethanol; mix; place over 
a permanent magnet to bring down the precipitate; 
remove the supernatant; wash the pellet in, for 
example. 100 ul of 70% (v/v) ethanol by resuspen- 
ding with a pipette in the absence of the magnetic 
field, finally removing the supernatant (wash solu- 
tion) with a pipette in the presence of the magnetic 
field; redissolve DNA in the required volume of TE 
buffer. 



Example 5 

DNA preparations can also be performed on, 
for example, 1 ml samples of M13mp8 bac- 

5 teriophage in 2xTY broth (precleared of bacteria by 
centrifugation) according to the following protocol: 
Add 0.4 volumes (i.e. 400 ul) of 2 mg/ml magnetic 
beads in 20% (w/v) PEG, 2.5 M NaCI; mix; bring 
down magnetic beads and precipitate using a per- 

70 manent magnet; redissolve magnetic bead pellet in 
1/10th original volume (I.e. 100 ul) of 4 M sodium 
perchlorate in TE buffer; now add 2.5 volumes (i.e. 
250 ul) of ethanol; mix; place over a permanent 
magnet to bring down the precipitate; remove the 

75 supernatant; wash the pellet twice in. for example. 
100 ul of 70% (v/v) ethanol by resuspending with a 
pipette in the absence of the magnetic field, finally 
removing the supernatant (wash solution) with a 
pipette in the presence of the magnetic field; redis- 

20 solve DNA in the required volume of TE buffer. 

c. An Example of the Removal of Bacterial DNA. 
Proteins and Membranes from Bacterial Lysates 
Using Magnetic Bead Induced Precipitate Separa- 
25 tion : 

Example 6 

pUC19 DNA can be extracted from E.coli 

30 MCI 061 cells by the following protocol: Take, for 
example, 250 ul of bacterial culture; add 1/5th 
volume (I.e. 50 ul) of 1.2 M NaOH. 1.2% (w/v) 
SDS; mix; incubate 2 minutes at room temperature; 
now add 3/5th volume (i.e. 150 ul) of 10 mg/ml 

35 magnetic beads in 3 M potassium acetate adjusted 
to pH 4.8 with acetic acid; mix; bring down 
precipitated material with a permanent magnet and 
keep supernatant; isopropanol precipitate the 
supernatant as follows: add 1/1 0th supernatant vol- 

40 ume (i.e. 45 ul) of a solution containing magnetic 
beads at 50 mg/ml and tRNA at 1 mg/ml (as 
carrier, this may be omitted If the concentration of 
nucleic acid is greater than about 10-25 ug/ml) in 
2.5 M sodium acetate adjusted to pH 5,2 with 

45 acetic acid; mix; add 0.6 supernatant volumes (i.e. 
270 ul) of isopropanol; mix; place over a perma- 
nent magnet to bring down the precipitate; remove 
the supernatant; wash the pellet in, for example. 
100 ul of 70% (v/v) ethanol by resuspending with a 

50 pipette in the absence of the magnetic field, finally 
removing the supernatant (wash solution) with a 
pipette in the presence of the magnetic field: redis- 
solve DNA in the required volume of TE buffer. 
Preparations can be incubated with 10 ug/ml 

55 ribonuclease A for 10 minutes at 37 'C before 
analysis. 
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Example 7 

pUC19 DNA can also be extracted from E.coll 
MCI 061 cells by the following protocol: Take, for 
example, 500 ul of bacterial culture; add 1 volume 
(i.e. 500 ul) of a solution containing magnetic 
beads at 5 mg/ml in 0.2 M sodium acetate (ad- 
justed to pH 5.2 with acetic acid) dissolved in 
ethanol; mix; bring down precipitated bacteria with 
a permanent magnet; remove supernatant and dis- 
card; redissolve bacterial pellet in, for example. 300 
ul of 0.2 M NaOH, 0.2% (w/v) SOS; mix; incubate 2 
minutes at room temperature; now add 1/2 volume 
(i.e. 150 ul) of 3 M potassium acetate adjusted to 
pH 4.8 with acetic acid; mix; bring down precipitat- 
ed material with a permanent magnet and keep 
supernatant; isopropanol precipitate the supernat- 
ant as follows: add 1/IOth supernatant volume (i.e. 
45 ul) of a solution containing magnetic beads at 
50 mg/ml and tRNA at 1 mg/ml (as carrier, this 
may be omitted if the concentration of nucleic acid 
is greater than about 10-25 ug/ml) in 2.5 M sodium 
acetate adjusted to pH 5.2 with acetic acid; mix; 
add 0.6 supernatant volumes (i.e. 270 ul) of 
isopropanol; mix; place over a permanent magnet 
to bring down the precipitate; remove the super- 
natant; wash the pellet in, for example, 100 ul of 
70% (v/v) ethanol by resuspending with a pipette in 
the absence of the magnetic field, finally removing 
the supernatant (wash solution) with a pipette in the 
presence of the magnetic field; redissolve DNA in 
the required volume of TE buffer. Preparations can 
be incubated with 10 ug/ml ribonuclease A for 10 
minutes at 37'C before analysis. 

d. An Example of DNA Extraction from Bac- 
teriophage Using Magnetic Bead Induced 
Precipitate Separation for: Hydrateable Poly- 
mer/Salt Precipitation, Removal of Coat Proteins 
and Alcohol Precipitation of the DNA : 

Example 8 

M13mp8 phage can be precipitated with mag- 
netic beads. PEG and NaCI as described in lllb. 
DNA can then be prepared by the alkaline lysis 
procedure as described in I He (dissolving the 
PECa/NaCI/magnetic beads precipitate of bac- 
teriophage particles in. for example. 250 ul of TE 
buffer for alkaline lysis). The alkaline lysis method 
gives M13mp8 DNA at about half the yield of the 
phenol extraction preparation. 

IV Other Types of Precipitation : 

These include the following: 
Precipitations of bacteria, tissue culture cells 
and blood cells by suitable precipitants (e.g. an 



equal volume of ethanolic 0.2 M sodium acetate 
adjusted to pH 5.2 with acetic acid for E.coli) and 
magnetic bead induced precipitate separation. 
Ammonium sulphate precipitation of proteins 
5 with magnetic bead induced precipitate separation. 

Precipitation of proteins by salts other than 
ammonium sulphate and magnetic bead induced 
precipitate separation (e.g. sodium perchlorate so- 
dium iodide, guanidinium chloride, guanidinium 
70 thiocyanate, guanidinium isothiocyanate and other 
chaotropic agents). 

Precipitation of proteins by denaturants and 
magnetic bead induced precipitate separation. 
Precipitation of proteins by detergents and 
75 magnetic bead induced precipitate separation. 

Precipitation of nucleic acids by the detergent 
cetyl trimethyl ammonium bromide and magnetic 
bead induced precipitate separation. 

Precipitation or proteins and/or nucleic acids 
20 with agents such as trichloroacetic acid (that de- 
nature due to extremes of pH) and magnetic bead 
induced precipitate separation. 

Selective RNA precipitations from lithium chlo- 
ride and magnetic bead induced precipitate separa- 
25 tion. 

Selective precipitations of nucleic acids from 
other nucleic acids (e.g. precipitations of high mo- 
lecular weight DNA from oligodeoxyribonucleotides 
and/or deoxynucleotide polyphosphates) which 
30 may work better using magnetic bead induced 
precipitate separation than centrifugation. 

Immune precipitations and magnetic bead in- 
duced precipitate separation. 

Complement fixation precipitations and mag- 
35 netic bead induced precipitate separation. 

Blood clotting precipitations and magnetic bead 
induced precipitate separation. 

Latex bead precipitation assays and magnetic 
bead induced precipitate separation. 
40 Haemagluttination assays and magnetic bead 
induced precipitate separation. 

Claims 

45 1. A method of making a nucleic-acid-containing 
liquid by treating a solution by the use of 
magnetically attractable beads which do not 
specifically bind the nucleic acid, comprising 
the steps of: 

50 - precipitating the nucleic acid out of solu- 

tion in the presence of the suspended 
magnetically attractable beads whereby 
the nucleic acid precipitate becomes 
non-specifically associated with the 

55 beads, 

- applying a magnetic field to draw down a 
precipitate of the nucleic acid and asso- 
ciated beads, 
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- separating the precipitate from the super- 
natant liquid, 

- adding liquid to the precipitate to re- 
dissolve the nucleic acid and re-suspend 
the beads, 

- applying a magnetic field to draw down 
the beads, and 

- separating a supernatant liquid contain- 
ing the nucleic acid from the beads. 

2. A method as claimed in claim 1 . wherein said 
solution has been obtained from a starting bac- 
terial lysate by the steps of: 

- forming in the bacterial lysate a 
precipitate selected from the group con- 
sisting of cell debris, proteins and 
chromosomal DNA, in the presence of 
the suspended magnetically attractable 
beads which precipitate becomes non- 
specificaily associated with the beads. 

- applying a magnetic field to draw down 
the precipitate and the associated beads, 
and 

- recovering the said solution as a super- 
natant liquid. 

3. A method of making a nucleic-acid-containing 
liquid by treating a solution comprising nucleic 
acid and protein by the use of magnetically 
attractable beads which do not specifically 
bind the nucleic acid or the protein, comprising 
the steps of: 

- forming a precipitate comprising protein 
and nucleic acid in the presence of the 
suspended magnetically attractable par- 
ticles which precipitate becomes non- 
specifically associated with the beads, 

- applying a magnetic field to draw down 
the beads and the associated precipitate, 

- separating the precipitate from a super- 
natant liquid . 

- adding liquid to the precipitate to selec- 
tively re-dissolve the protein and re-sus- 
pend the beads and the associated nu- 
cleic acid. 

- applying a magnetic field to draw down a 
precipitate of the nucleic acid and the 
associated beads. 

- separating a supernatant liquid contain- 
ing the protein from the precipitate, 

- adding liquid to the precipitate to redis- 
solve the nucleic acid and re-suspend 
the beads, 

- applying a magnetic field to draw down 
the beads, and 

- separating a supernatant liquid contain- 
ing the nucleic acid from the beads. 



4. A method for recovering low molecular weight 
nucleic acids from a starting solution of a ma- 
terial selected from the group consisting of 
bacteriophage, virus, cell and mixtures thereof, 

5 by the use of magnetically attractable beads 

which do not specifically bind the said ma- 
terial, which method comprises the steps: 

- precipitating the said material out of solu- 
tion in the presence of the suspended 

70 magnetically attractable beads whereby 

the material becomes non-specifically as- 
sociated with the beads, 

- applying a magnetic field to draw down a 
precipitate of the material and the asso- 

75 ciated beads, 

- lysing the said material to form a cell 
lysate solution comprising protein, mem- 
brane, bacterial DNA and low molecular 
weight nucleic acids, 

20 - precipitating out of solution the protein, 

membrane and bacterial chromosomal 
DNA whereby the precipitate becomes 
non-specifica!ly associated with the 
beads, 

25 - and recovering the supernatant liquid 

containing the low molecular weight nu- 
cleic acids. 

5. A method for recovering low molecular weight 
30 nucleic acids from a starting solution of a ma- 
terial selected from the group consisting of 
bacteriophage, virus, cell and mixtures thereof, 
by the use of magnetically attractable beads 
which do not specifically bind the said ma- 

35 terial, which method comprises the steps: 

- precipitating the said material out of solu- 
tion in the presence of the suspended 
magnetically attractable beads whereby 
the material becomes non-specifically as- 

40 sociated with the beads. 

. - applying a magnetic field to draw down a 
precipitate of the material and the asso- 
ciate beads, 

- lysing the said material to fonm a lysate 
45 solution comprising protein and nucleic 

acids. 

- precipitating out of the solution the nu- 
cleic acid in the presence of suspended 
magnetically attractable beads whereby 

50 the nucleic add precipitate becomes 

non-specifically associated with the 
beads, 

- applying a magnetic field to draw down a 
precipitate of the nucleic acid and asse- 
ss ciated beads. 

- separating the precipitate from the super- 
natant liquid. 
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- adding liquid to the precipitate to re- 
dissolve the nucleic acid and re-suspend 
the beads, 

- applying a nnagnetic field to draw down 
the beads, and 

- separating the supernatant liquid contain- 
ing the nucleic acid from the beads. 

6. A method as claimed in any one of claims 1 to 

5, wherein the beads have been pre-treated 
with a phosphate solution. 

7, A method as claimed in any one of claims 1 to 

6, wherein the solution is in an aqueous me- 
dium, 

a Magnetically attractable beads capable of non- 
specific association with a nucleic acid, 
wherein the beads have a coating of phosphate 
which reduces the tendency of the beads to 
bind a nucleic acid. 

9. Magnetically attractable beads as claimed in 
claim 8, wherein the coating of phosphate has 
been formed by pre-treating the beads with a 
phosphate solution. 

Patentanspriiche 

1. Ein Verfahren zur Herstellung nucleinsaurehal- 
tiger FlUssigkeiten, bei dem eine Losung mit 
magnetisch anziehbaren Kugein behandelt 
wird, die die Nucleinsaure unspezifisch binden. 
und das die folgenden Arbeitsschritte umfaBt: 

- FSIIen der NucleinsSure aus einer L6- 
sung in Gegenwart schwebender, ma- 
gnetisch anziehbarer Kugein, wobei der 
Nucleinsaure-Niederschlag unspezifisch 
an die Kugein gebunden wird, 

- Aniegen eines magnetischen Feldes, um 
die Kugein und den an sie gebundenen 
Nucleinsaure-Niederschlag nach unten 
zu Ziehen. 

- Trennen des Niederschlags von der 
UberstandsflUssigkeit. 

- Versetzen des Niederschlags mit einer 
Flussigkeit, um die NucleinsMure zu lo- 
sen und die Kugein erneut in den Schwe- 
bezu stand zu versetzen, 

- Aniegen eines magnetischen Feldes, um 
die Kugein nach unten zu Ziehen und 

- Trennen der nucleinsSurehaltigen Uber- 
standsflUssigkeit von den Kugein. 

2. Ein Verfahren wie unter (1) beschrieben. bei 
dem die genannte Losung aus einem bakteriel- 
len Ausgangslysat durch die folgenden Schritte 
gewonnen wurde: 



- Bilden eines Niederschlags im bakteriel- 
len Lysat aus der aus ZelltrGmmern. Pro- 
teinen und chromosomaler DNA beste- 
henden Gruppe in Gegenwart schweben- 

5 der, magnetisch anziehbarer Kugein, an 

die der Niederschlag unspezifisch ge- 
bunden wird, 

- Aniegen eines magnetischen Feldes. um 
die Kugein und den an sie gebundenen 

70 Nucleinsaure-Niederschlag nach unten 

zu Ziehen. 

- Ruckgewinnen der genannten Losung als 
UberstandsflUssigkeit. 

75 3. Ein Verfahren zur Herstellung nucleinsaurehal- 
tiger FlUssigkeiten. bei dem eine aus Nuclein- 
saure und Protein bestehende Losung mit ma- 
gnetisch anziehbaren Kugein behandelt wird, 
die die Nucleinsaure Oder das Protein unspezi- 

20 fisch binden. und das die folgenden Art^eits- 
schritte umfaBt: 

- Bilden eines Niederschlags aus Protein 
und Nucleinsaure in Gegenwart schwe- 
t>ender, magnetisch anziehbarer Kugein, 

25 an die der Niederschlag unspezifisch ge- 

bunden wird, 

- Aniegen eines magnetischen Feldes, um 
die Kugein und den an sie gebundenen 
Nucleinsaure-Niederschlag nach unten 

30 zu Ziehen, 

- Trennen des Niederschlags von der 
UberstandsflUssigkeit. 

- Versetzen des Niederschlags mit einer 
Flussigkeit. um das Protein selektiv zu 

35 I5sen und die Kugein sowie die an sie 

gebundene Nucleinsaure wieder in den 
Schwebezustand zuruckzuversetzen, 

- Aniegen eines magnetischen Feldes, um 
den Nucleinsaure-Niederschlag und die 

40 an ihn gebundenen Kugein nach unten 

zu Ziehen, 

- Trennen der protein haltigen Uberstands- 
flUssigkeit vom Niederschlag, 

- Versetzen des Niederschlags mit einer 
45 Flussigkeit, um die Nucleinsaure zu Id- 
sen und die Kugein in den Schwebezu- 
stand zuruckzuversetzen, 

- Aniegen eines magnetischen Feldes, um 
die Kugein nach unten zu Ziehen und 

50 - Trennen der nucleinsaurehaltigen Uber- 

standsflUssigkeit von den Kugein. 

4. Ein Verfahren zur RUckgewinnung von nieder- 
molekularen Nucleinsauren aus einer Aus- 
55 gangslSsung, die Bakteriophagen, Viren, Zellen 

Oder Mischungen dieser Materialien enthalt, 
unter Verwendung magnetisch anziehbarer Ku- 
gein. die das genannte Material unspezifisch 
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binden; dieses Verfahren umfafit die folgenden 
Arbeitsschritte: 

- Fallen des genannten Materials aus der 
Losung in Gegenwart schwebender, ma- 
gnetisch anziehbarer Kugeln. wobei das 5 
Material unspezifisch an diese Kugeln 
gebunden wird, 

- Aniegen eines magnetischen Feldes, urn 
die Kugeln und den an sie gebundenen 
Niederschlag des Materials nach unten w 
zu Ziehen, 

- Lysleren des genannten Materials, um 
eine Zellysatlosung zu bilden, die aus 
Protein, Membranen, bakterieller DNA 

und niedermolekularer Nucleinsaure be- 75 
steht. 

- Ausfallen des Proteins, der Membranen 
und der bakteriellen chromosomalen 
DNA aus der Losung, wobei der Nieder- 
schlag unspezifisch an die Kugeln ge- 20 
bunden wird, und 

- Ruckgewinnen der Oberstandsflussigkeit, 
die die niedermolekularen Nucleinsauren 
enth^lt. 

25 

Ein Verfahren zur RClckgewinnung von nieder- 
molekularen Nucleinsauren aus einer Aus- 
gangslosung, die Bakteriophagen, Viren. Zellen 
Oder Mischungen dieser Materialien enthalt, 
unter Verwendung magnetisch anziebbarer Ku- 30 
gein, die das genannte Material unspezifisch 
binden; dieses Verfahren umfaSt die folgenden 
Arbeitsschritte: 

- Fallen des genannten Materials aus der 
Losung in Gegenwart schwebender, ma- 35 
gnetisch anziehbarer Kugeln, wobei das 
Material unspezifisch an diese Kugeln 
gebunden wird, 

- Aniegen eines magnetischen Feldes. um 

die Kugeln und den an sie gebundenen 40 
Niederschlag des Materials nach unten 
zu Ziehen, 

- Lysieren des genannten Materials, um 
eine Lysatlosung zu bilden, die aus Pro- 
tein und Nucleinsauren besteht, 45 

- Ausfallen der Nucleinsaure aus der Lo- 
sung in Gegenwart schwebender. ma- 
gnetisch anziehbarer Kugeln, wobei der 
Nucleinsaure-Niederschlag unspezifisch 

an die Kugeln gebunden wird. so 

- Aniegen eines magnetischen Feldes. um 
die Kugeln und den an sie gebundenen 
Nucleinsaure-Niederschlag nach unten 
zu Ziehen, 

- Trennen des Niederschlags von der 55 
U berstandsf lussigkeit, 

- Versetzen des Niederschlags mit einer 
FlOssigkeit, um die Nucleinsaure zu 15- 



sen und die Kugeln in den Schwebezu- 
stand zurUckzuversetzen, 

- Aniegen eines magnetischen Feldes, um 
die Kugeln nach unten zu Ziehen, und 

- Trennen der nucleinsaurehaltigen Ober- 
standsflussigkeit von den Kugeln. 

6. Ein Verfahren, das den in den Punkten 1 bis 5 
beschriebenen Verfahren entspricht, wobei die 
Kugeln mit einer Phosphatlosung vorbehandelt 
wurden. 

7. Ein Verfahren, das den in den Punkten 1 bis 5 
genannten Verfahren entspricht, wobei die Lo- 
sung in einem waSrigen Medium voriiegt. 

8. Magnetisch anziehbare Kugeln, die in der Lage 
sind, eine Nucleinsaure unspezifisch zu bin- 
den, sofern die Kugeln einen PhosphatOberzug 
haben, durch den deren Tendenz. eine Veriain- 
dung mit der Nucleinsaure einzugehen. redu- 
ziert wird. 

9. Magnetisch anziehbare Kugeln. die denen in 
Punkt 8 genannten entsprechen, wobei der 
PhosphatOberzug durch Vorbehandlung der 
Kugeln mit einer Phosphatlosung gebildet wor- 
den ist. 

Revendications 

1. Une m^thode de realisation d'un liquide cove- 
nant de I'acide nucl^ique en traitant une solu- 
tion par I'utilisation de pedes pouvant subir 
une attraction magn^tique et ne formant pas 
de liaison sp^cifique avec Tacide nucl^ique. 
comprenant les Stapes: 

- de la precipitation de Tacide nuct^ique 
en solution en presence des perles pou- 
vant subir une attraction magn^tlque en 
suspension par quoi le precipit^ d'acide 
nucl^ique devient non-specifiquement 
associe aux perles, 

- de Tapplication d'un champ magnetique 
pour faire descendre un pr^cipit^ de 
I'acide nucl^ique et des perles asso- 
ci^es, 

- de la separation du precipite du liquide 
surnageant, 

- de Tajout de liquide au precipite pour 
redissoudre I'acide nucleique et re-met- 
tre les perles en suspension. 

- de I'application d'un champ magnetique 
pour faire descendre les perles, et 

- de la separation d'un liquide surnageant 
contenant I'acide nucieique des peries. 
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2. Une methode comme revendique dans la re- 
vendication 1. dans quoi ladite solution a ete 
obtenue a partir d'un lysat bacterien de depart 
par les Stapes: 

- de la formation dans le lysat bacterien s 
d'un precipite selectionne k partir du 
groupe compose de debris de cellules, 

de proteines et d'ADN chromosomique, 
en presence des paries pouyant subir 
une attraction magnetique en suspen- io 
sion. ce pr4cipit4 devenant non-sp6cifi- 
quement associe aux perles, 

- de i'application d'un champ magnetique 
pour faire descendre le precipite et les 
perles associees, et 

- de la recuperation de ladite solution en 
tant que liquide surnageant. 

3. Une methode de realisation d'un liquide conte- 
nant de I'acide nucleique en traitant une solu- 20 
tion comprenant de Tacide nucleique et de la 
proteine par ['utilisation de perles pouvant su- 
bir une attraction magnetique et ne formant 

pas de liaison specifique avec i'acide nuciei- 
que ou la proteine, comprenant les etapes: 25 

- de la formation d'un precipite compre- 
nant de la proteine et de I'acide nuciei- 
que en presence des particules pouvant 
subir une attraction magnetique en sus- 
pension, ce precipite devenant non-spe- 30 
cifiquement associe aux perles, 

- de I'application d'un champ magnetique 
pour faire descendre les perles et le pre- 
cipite associe, 

- de la separation du precipite d'un liquide 35 
surnageant. 

- de rajout de liquide au precipite pour 
redissoudre seiectivement la proteine et 
remettre les perles et I'acide nucieique 
associe en suspension. ^ 

- de I'application d'un champ magnetique 
pour faire descendre un precipite de 
I'acide nucieique et les perles associees, 

- de la separation d'un liquide surnageant 
contenant la proteine du precipite. 45 

- de I'ajout de liquide au precipite pour 
redissoudre I'acide nucieique et remettre 
les perles en suspension, 

- de I'application d'un champ magnetique 
pour faire descendre les perles, et so 

- de la separation d'un liquide surnageant 
contenant I'acide nucieique des perles. 

4. Une methode pour la recuperation des acides 

nucieiques de faible poids moieculaire & partir 55 
d'une solution de depart d'un materiau selec- 
tionne h partir du groupe compose de bacte- 
riophages, de virus, de cellules et de melanges 



de ces derniers, par I'utilisation de perles pou- 
vant subir une attraction magnetique et ne 
formant pas de liaison specifique avec tedit 
materiau. cette methode comprenant les eta- 
pes: 

- de la precipitation dudit materiau en so- 
lution en presence des perles pouvant 
subir une attraction magnetique en sus- 
pension par quoi le materiau devient 
non-specifiquement associe aux perles, 

- de I'application d'un champ magnetique 
pour faire descendre un precipite du ma- 
teriau et les perles associees, 

- de la lyse dudit materiau pour former 
une solution de lysat de cellule compre- 
nant de la proteine, de la membrane, de 
I'ADN bacterien et des acides nucieiques 
de faible poids moieculaire, 

- de la precipitation en solution de la pro- 
teine, de la membrane et de I'ADN chro- 
mosomique bacterien par quoi le precipi- 
te devient non-specifiquement associe 
aux perles, 

- et de la recuperation du liquide surna- 
geant contenant les acides nucieiques de 
faible poids moieculaire. 

5, Une methode pour la recuperation des acides 
nucieiques de faible poids moieculaire k partir 
d'une solution de depart d'un materiau selec- 
tionne k partir du groupe compose de bacte- 
riophages, de virus, de cellules et de melanges 
de ces derniers, par I'utilisation de perles pou- 
vant subir une attraction magnetique et ne 
formant pas de liaison specifique avec ledit 
materiau, cette methode comprenant les eta- 
pes: 

- de la precipitation dudit materiau en so- 
lution en presence des perles pouvant 
subir une attraction magnetique en sus- 
pension par quoi le materiau devient 
non-specifiquement associe aux pedes, 

- de I'application d'un champ magnetique 
pour faire descendre un precipite du ma- 
teriau et les perles associees, 

- de la lyse dudit materiau pour former 
une solution de lysat comprenant de la 
proteine et des acides nucieiques, 

- de la precipitation en solution de I'acide 
nucieique en presence des peries pou- 
vant subir une attraction magnetique en 
suspension par quoi le precipite d'acide 
nucieique devient non-specifiquement 
associe aux peries, 

- de I'application d'un champ magnetique 
pour faire descendre un precipite de 
I'acide nucieique et les peries associees. 
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- de la separation du precipit6 du liquide 
surnageant, 

- de I'ajout de liquide au precipit^ pour 
redissoudre Tacide nucl^ique et remettre 

les perles en suspension. 5 

- de rapplication d'un champ magnetique 
pour faire descendre les perles, et 

- de la separation du liquide surnageant 
contenant Tacide nucl^ique des perles. 

10 

6. Une m^thode comme revendiqu^ dans I'une 
quelconque des revendications 1 k 5. dans 
laquelle les perles ont et4 pre-trait6es a Taide 
d'une solution de phosphate. 

75 

7. Une m^thode comme revendiqu^ dans Tune 
quelconque des revendications 1 ^6, dans 
laquelle la solution est dans un milieu aqueux. 

8. Des perles pouvant subir une attraction ma- 20 
gn^tique et pouvant former une association 

non sp^cifique avec un acide nucleique, dans 
quoi les perles ont un rev§tement de phospha- 
te qui reduit la tendance des perles h former 
une liaison avec un acide nucleique. 25 

9. Des perles pouvant subir une attraction ma- 
gnetique comme revendiqu^ dans la revendi- 
cation 8, dans quoi le revetement de phospha- 
te a et§ form6 en pr§-traitant les perles h I'aide 30 
d'une solution de phosphate. 
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